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DPRQJ UHVHDUFKHUV 0DQ\ WHFKQLTXHV KDYH EHHQ H[SORUHG WR LPSURYH WKH K\GURSKLOLFLW\ RI
39')PHPEUDQHVDQG WKHVH LQFOXGHFRDWLQJRIK\GURSKLOLFSRO\PHUPDWHULDOVRQWRPHPEUDQH
VXUIDFHV >@ VXUIDFH JUDIWLQJ E\ KLJK HQHUJ\ HOHFWURQ EHDP RU SODVPD WUHDWPHQW >@ DQG
EOHQGLQJRIK\GURSKLOLFPDWHULDOVVXFKDVDPSKLSKLOLFFRSRO\PHUVLQDPHPEUDQHVROXWLRQ>@
%OHQGLQJ RI DPSKLSKLOLF FRSRO\PHUV DSSHDUV WR EH WKH RQH RI WKH SUDFWLFDO PHWKRGV LQ WKH
LQGXVWULDOVFDOHDSSOLFDWLRQVEHFDXVHLWFDQEHFRQVLGHUHGDVDVLQJOHVWHSPHWKRGIRUSUHSDULQJ
K\GURSKLOLFPHPEUDQHV XVLQJ K\GURSKRELFPHPEUDQHPDWHULDOV DQG DW WKH VDPH WLPH LW FDQ
UHWDLQWKHPHPEUDQHK\GURSKLOLFLW\1HYHUWKHOHVVWKLVVRFDOOHG³VLQJOHVWHS´PHWKRGHPSOR\HG
VWLOO LQYROYHV TXLWH D QXPEHU RI VWDJHV VWDUWLQJ IURP WKH SUHSDUDWLRQ RI DPSKLSKLOLF JUDIW
FRSRO\PHUXSWRWKHSUHSDUDWLRQRIPHPEUDQHVROXWLRQ7KHUHIRUH LQ WKLVVWXG\ WKHPHWKRGRI
SUHSDUDWLRQ RI K\GURSKLOLF 39') PHPEUDQHV IURP DPSKLSKLOLF JUDIW FRSRO\PHU KDV EHHQ
PRGLILHGDQGVLPSOLILHGIURPWKHFRQYHQWLRQDOPHWKRG)LJVKRZVWKHVFKHPDWLFGLDJUDPIRU
WKH SUHSDUDWLRQ RI 39')PHPEUDQH IURP FRSRO\PHU D FRQYHQWLRQDOPHWKRG DQG E QHZO\
PRGLILHGPHWKRG
39') VSLQQLQJ VROXWLRQZDVPRGLILHG YLD LQVLWX JUDIWLQJ RI39')JSRO\HWK\OHQHJO\FRO
PHWK\OHWKHUPHWKDFU\ODWH3(*0$ZKLFKHYHQWXDOO\OHDGWRWKHIRUPDWLRQRIK\GURSKLOLF39')
KROORZ ILEUH PHPEUDQHV +ROORZ ILEUH VSLQQLQJ VROXWLRQV ZHUH SUHSDUHG ZKLFK XQGHUJR D
FKHPLFDO UHDFWLRQ WKURXJK DWRP WUDQVIHU UDGLFDO SRO\PHULVDWLRQ $753 WR SURGXFH 39')J
3(*0$FRSRO\PHU7KHVROXWLRQLVVXLWDEOHIRUVSLQQLQJEHFDXVHRIVHYHUDOUHDVRQV>@D
PHWK\OS\UUROLGRQH 103 VROYHQW FDQ DOVR EH XVHG WR GLVVROYH 39') LQVWHDG RI XVLQJ
GLPHWK\ODFHWDPLGH '0$F E 7KH DPRXQWV RI FRSSHU , FKORULGH &X&O DQG OLJDQG ¶
GLPHWK\O¶GLS\ULG\O '0'3SUHVHQW LQ WKHEXONSRO\PHULVDWLRQVROXWLRQDUH UHODWLYHO\VPDOO
FVRPHRIWKH&X&OKDYHEHHQFRQYHUWHGWRFRSSHU,,FKORULGH&X&OWKDWLVDZDWHUVROXEOH
VDOWDQGGWKHH[FHVVRUXQUHDFWHG3(*0$FDQDFWDVDSRUHIRUPLQJDJHQW




ZDWHU DV DQ LQWHUQDO FRDJXODQW+ROORZ ILEUHPHPEUDQHV VSXQDW ]HUR DLU JDS VKRZHGKLJKHU
ZDWHUIOX[FRPSDUHGWRWKHRQHVVSXQDWDKLJKHUDLUJDS
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)LJ  6FKHPDWLF GLDJUDP IRU WKH SUHSDUDWLRQ RI 39') PHPEUDQH IURP FRSRO\PHU D
FRQYHQWLRQDOPHWKRGDQGEQHZO\PRGLILHGPHWKRG
0RUSKRORJ\ RI WKH KROORZ ILEUH PHPEUDQHV VSXQ IURP GLIIHUHQW DLU JDS FKDQJHV
VLJQLILFDQWO\ GXH WR WKH SUHVHQFH RI WKH K\GURSKLOLF JUDIW FRSRO\PHU 39')J3(*0$ DQG
H[FHVVPRQRPHU3(*0$%\GHFUHDVLQJWKHDLUJDSGLVWDQFHWKHVSLQQLQJVROXWLRQFRQWDLQLQJ





FURVVVHFWLRQDO LPDJHV RI KROORZ ILEUH PHPEUDQHV SUHSDUHG IURP  ZW JUDIW FRSRO\PHU
39')J3(*0$ZLWKGLIIHUHQWDLUJDSVDFPDLUJDSEFPDLUJDSDQGFFPDLU
JDS
7KHPRGLILHG 39') KROORZ ILEUHPHPEUDQHV KDYH EHHQ DOVR FKDUDFWHULVHG E\ WKH )7,5
$75 6(0 )(6(0 %6$ ILOWUDWLRQ DQG WHQVLOH VWUHQJWK PHDVXUHPHQWV 7KH PHFKDQLFDO
SURSHUWLHV RI WKH PRGLILHG KROORZ ILEUHV VKRZ UHODWLYHO\ VPDOOHU WHQVLOH VWUHQJWK DQG KLJKHU
HORQJDWLRQ DW EUHDN GHPRQVWUDWLQJ D GXFWLOH EHKDYLRXU ,W FDQ EH VHHQ IURP )LJ  WKDW WKH
PHPEUDQHVSXQDW ORZHUH[WUXVLRQUDWHRIP/PLQH[KLELWV ODUJHPDFURYRLGV LQLWLDWHGIURP
WKHLQQHUVXUIDFHIRUZKLFKWKHYROXPHRIWKHPDFURYRLGVDUHHVWLPDWHGWREHDOPRVWRIWKH
KROORZ ILEUH FURVV VHFWLRQ WKLFNQHVV 7KH UHPDLQLQJ SHUFHQWDJH FRQVLVWV RI VPDOO DQG VKRUW
ILQJHUOLNH VWUXFWXUH QHDU WKH RXWHU VXUIDFH RI WKH ILEUH 2Q WKH RWKHU KDQG WKH VL]H RI
PDFURYRLGVGHFUHDVHVVXEVWDQWLDOO\ZKHQWKHH[WUXVLRQUDWH LV LQFUHDVHGWRP/PLQZKHUH
D FE
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